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TRACTIVE FORCE MAP 
BACKGROUND OF THE INVENTION 
The present invention relates to motive force for a vehicle, and in particular to tractive 
force control for a motor vehicle. Vehicles include wheels that transmit a tractive force to the 
riding surface of the vehicle to move the vehicle. The wheels are connected to a drive train of 
the vehicle, which typically includes an engine and a transmission. The driver of the vehicle 
usually controls the engine output by depressing the acceleration pedal or by an active assist 
system (e.g., cruise control). The transmission is typically controlled by the vehicle in an 
automatic transmission vehicle and by the driver of the vehicle in a manual transmission 
vehicle. Heretofore, the driver of the vehicle has controlled motive force of the vehicle by 
varying the output of the engine as determined by the angle of the acceleration pedal or throttle 
or by directly determining the output torque of the engine. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is to provide a method of controlling tractive force 
of a vehicle comprising determining a tractive force request of a driver of the vehicle, 
determining an actual tractive force of the vehicle, and modifying the actual tractive force of 
the vehicle to be equal to the tractive force request. 

Another aspect of the present invention is to provide a method of controlling tractive 
force of a vehicle comprising measuring an actual speed of the vehicle and sensing a position 
of an acceleration pedal. The method also includes looking up the tractive force request on a 
map corresponding to the actual speed and the position of the acceleration pedal. The method 
further includes modeling the actual tractive force of the vehicle and modifying the actual 
tractive force of the vehicle to be equal to the tractive force request. 

Accordingly, the drive train of the vehicle will automatically output a tractive force at 
the wheels of the vehicle that corresponds to the requested tractive force of the driver of the 
vehicle. The method of controlling tractive force of a vehicle is easy to implement, capable of 
a long operable life, and particularly adapted for the proposed use. 



1 



These and other features, advantages, and objects of the present invention will be 
further understood and appreciated by those skilled in the art by reference to the following 
specification, claims and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view of a vehicle embodying the present invention. 
Fig. 2 is a diagram of a method of controlling traction of the vehicle using a tractive 
force map of the present invention. 

Fig. 3 is a graph of a sample tractive force map of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For purposes of description herein, it is to be understood that the invention may assume 
various alternative orientations, except where expressly specified to the contrary. It is also to 
be understood that the specific devices and processes illustrated in the attached drawings, and 
described in the following specification are simply exemplary embodiments of the inventive 
concepts defined in the appended claims. Hence, specific dimensions and other physical 
characteristics relating to the embodiments disclosed herein are not to be considered as 
limiting, unless the claims expressly state otherwise. 

Referring to Fig. 1, reference number 10 generally designates a vehicle embodying the 
present invention. The vehicle 10 as disclosed herein is a front- wheel drive vehicle including 
front tires 12 that propel the vehicle 10. The front tires 12 are interconnected to a drive train 
comprising an engine 14 and a transmission 16 that power the front tires 12. A driver of the 
vehicle 10 controls a tractive force 18 applied to a riding surface 20 via the front tires 12 by 
means of an acceleration pedal 22 that controls the output of power from the engine 14 and the 
transmission 16. Accordingly, the tractive force 18 moves the vehicle 10 forward. Although a 
front wheel drive vehicle is illustrated herein, the vehicle of the present invention could include 
a rear- wheel drive or four wheel drive. 

The present invention provides a method 24 (Fig. 2) for controlling the tractive force 
18 of the vehicle 10. The method of controlling the tractive force 18 of the vehicle 10 includes 
determining a tractive force request of a driver of the vehicle 10 at step 50. In the illustrated 
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example, the tractive force request of the driver of the vehicle 10 is a request by the driver for 
a certain amount of force to be applied by the front tires 12 to the riding surface 20. 
Alternatively, if the vehicle has a rear wheel drive or four wheel drive, the tractive force 
request is a request for a certain amount of force to be applied by the rear wheels or all 
wheels, respectively. 

In the illustrated invention, the tractive force request is a request for a percentage of 
maximum available tractive force (regardless of speed) for the vehicle 10 at the present speed 
of the vehicle 10. The tractive force request of the driver of the vehicle 10 is preferably 
determined by measuring an actual speed of the vehicle, sensing a position of the acceleration 
pedal 22, and looking up the tractive force request on a map corresponding to the actual speed 
and the position of the acceleration pedal. 

Fig. 3 illustrates a tractive force map used in the method 24 for controlling the tractive 
force 18 of the vehicle 10. The tractive force map will change for each individual vehicle, 
depending on the engine torque curve and the transmission layout of the vehicle. Fig. 3 
includes a vertical axis representing the position of the acceleration pedal 22 as a function of 
the percentage of the depression of the acceleration pedal 22. Therefore, if the acceleration 
pedal 22 is not being depressed, the percentage of depression of the acceleration pedal 22 will 
be 0%. Additionally, if the acceleration pedal 22 is fully depressed, the percentage of 
depression of the acceleration pedal 22 will be 100%. Likewise, if the acceleration pedal 22 is 
being depressed to a position 30% of the distance between not being depressed and being fully 
depressed, the percentage of depression of the acceleration pedal 22 will be 30%. The position 
of the acceleration pedal 22 is preferably measured directly by electrical means. The position 
of the acceleration pedal 22 can also be determined by measuring the position of the 
acceleration pedal 22, measuring the position of the valve controlling the volume of vaporized 
fuel charge delivered to the cylinders of the engine of the vehicle 10, measuring any electrical 
or mechanical element positioned in the communication line between the acceleration pedal and 
the valve controlling the fuel charge delivered to the engine, measuring the vacuum level in the 
engine manifold or any other means of measuring the position of the acceleration pedal 22. 

Fig. 3 also includes a horizontal axis representing the present speed of the vehicle 10 in 
miles per hour. The present speed of the vehicle 10 is preferably measured using the 
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speedometer of the vehicle 10. Alternatively, the present speed of the vehicle could be 
measured in any amount of distance (e.g. kilometers) for any amount of time. It is 
contemplated that other methods can be used to ascertain the present speed of the vehicle 10. 
Once the position of the acceleration pedal 22 and the present speed of the vehicle 10 are 
determined, the tractive force request of the driver of the vehicle 10 can be determined from 
the table of Fig. 3. 

The tractive force request determined from the illustrative table of Fig. 3 is a requested 
percentage of the total available tractive force at the particular present speed of the vehicle. 
For example, when the vehicle 10 is travelling at 20 miles per hour and the acceleration pedal 
is depressed 75% of the distance between not depressed and fully depressed, the driver of the 
vehicle 10 is making a tractive force request for 40% of the available tractive force. As 
illustrated in Fig. 3, it is possible to have a negative tractive force request. When the 
acceleration pedal 22 is not being depressed and the vehicle has a positive velocity, not 
pressing the acceleration pedal 22 will slow (decelerate) the vehicle 10 because of mechanical 
losses in the vehicle, drag, etc. Therefore, when the acceleration pedal 22 is not being 
depressed and the vehicle has a positive velocity, the vehicle 10 will slow (decelerate). 
However, when the vehicle 10 has a zero velocity, the vehicle 10 will not and cannot slow 
down. Therefore, the tractive force request when the vehicle has a zero velocity and when the 
acceleration pedal is not being depressed is zero. Those skilled in the art will note that the 
vehicle may have a slight, negligible positive acceleration when the vehicle has a zero velocity, 
the acceleration pedal is not being depressed and the vehicle has an automatic transmission 
because of the drag in the torque converter. 

In the present invention, as an option it can be valuable to modify the outcome of the 
map of Fig. 3 as a function of rate of change of the acceleration pedal 22. The rate of change 
of the acceleration pedal 22 could act as a prediction of the final value of the acceleration pedal 
22 position. Therefore, a positive rate of change of the acceleration pedal 22 would add an 
extra tractive force percentage value to the value determined from Fig. 3. The extra value 
could be determined as a function of the acceleration pedal position and the rate of change of 
the acceleration pedal position for a given vehicle speed. Likewise, a negative rate of change 
of the acceleration pedal 22 would subtract an extra tractive force percentage value from the 
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value determined from Fig. 3. The extra value used in the negative rate of change of the 
acceleration pedal 22 could also be determined as a function of the acceleration pedal position 
and the rate of change of the acceleration pedal position for a given vehicle speed. 
Consequently, the request for the percentage of available tractive force determined in step 52 
of the method of controlling tractive force 24 would decrease as a function of a negative rate of 
change of the acceleration pedal position and would increase as a function of a positive rate of 
change of the acceleration pedal position. It is contemplated that adding or subtracting the 
extra value to the tractive force request would only be activated when the vehicle 10 is in a 
certain mode (e.g., a "sport" mode selected by the driver or by the driving situation of the 
vehicle). 

After the tractive force request of the driver of the vehicle 10 is determined at step 50, 
an actual tractive force of the vehicle 10 is determined at step 52. Preferably, the actual 
tractive force of the vehicle 10 is determined by modeling the actual tractive force as a function 
of at least one of the following: vehicle speed, engine speed, rate of change of the speed of the 
engine, engine temperature, transmission temperature, ambient temperature, ambient pressure, 
accelerator pedal position, the air conditioning being on or off, and other auxiliary power 
consumers being on or off. The method of modeling the actual tractive force as used in the 
present invention is well known to those skilled in the art. Although the step 52 of determining 
the actual tractive force of the vehicle 10 is disclosed as taking place after the step 50 of 
determining the tractive force request of the driver of the vehicle, the step of determining the 
actual tractive force of the vehicle 10 could occur before or simultaneously with determining 
the tractive force request or could occur continuously. 

Once the tractive force request of the driver of the vehicle 10 is determined at step 50 
and the actual tractive force of the vehicle 10 is determined at step 52, the actual tractive force 
of the vehicle 10 is modified to be equal to the tractive force request at step 54. The actual 
tractive force of the vehicle 10 can be modified by increasing the engine torque or the engine 
(by changing the gear, transmission ratio and by other means known to those skilled in the art). 

It will be readily appreciated by those skilled in the art that modifications may be made 
to the invention without departing from the concepts disclosed herein. Such modifications are 
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to be considered as included in the following claims, unless these claims by their language 
expressly state otherwise. 
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